In this uaDer we uresent exuerimental results on the
INTRODUCTION
In silicon drift detectors (SDDs) [I, 21 fabricated on n-type silicon the electrons created by an ionizing particle are forced by an electric field to drift toward readout anodes. The electric field inside SDDs is a superposition of a depletion field created by positive charges uniformly distributed in the depleted silicon bulk and a transport field created by a distribution of potentials on the cathodes. The depletion field is responsible for both the collection of electrons at the bottom of the potential valley and the confinement of the created electron cloud in the middle of the hulk during the drift. Along the drift path the cloud expands, due to such effects as diffusion and mutual electrostatic repulsion between electrons. The diffusion itself causes an increase of the cloud width o(t) = a, where t is the drift time and D is the diffusion coefficient. Broadening of the pulses from SDDs affects the coordinate and double particle resolution as well as design parameters of front end electronics. A theoretical analysis of the dynamics of electrons is presented in [3] for the case of a constant transport field.
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Electrons were generated at different drift distances and the shape of the cloud arriving at the anodes was measured. In this way the cloud shape dependence on drift distance was studied. Measurements were done using a STAR2.9 detector. This is a bidirectional SDD designed for the Silicon Vertex Tracker of the RHIC STAR experiment [4] . Maximum drift distance is 30 mm. Detector thickness is 300 fim. Further details about STAR SDDs can be found in [5, 6] .
Section 1 briefly describes the experimentalsetup. In section 2 the methods use.d to measure the cloud shape are discussed. Section 3 shows experimental results.
I. EXPERIMENTAL SETUP
For these measurements detectors were bonded to PC boards with preamplifier sockets and bias voltages. The front end electronics consisted of hybrid charge-sensitive preamplifiers and shapers [71. The data were read out via a 500 MHz digital oscilloscope TDS640A.
An IR LED [SI of wavelength 820 nni was used to generate electrons. The repetition rate was 300 Ha, the duration of a light pulse less than 8 ns. At 820 nm an initial charge is generated near the detector surface. The LED light was focused, by microscope, into a spot of about 20pm in diameter. Light pulses were transported to the microscope via an optical fiber. The spot was positioned in the 35pm gaps between cathodes. One light pulse generated about 6.2 x IO4 electrons, i.e about 2.5 times that of a minimum ionizing particle crossing the detector plane. Visible light was used to check the focusing at different drift distances.
The SDD was placed under the microscope on a XY stage with a position resolution of 0.5pm for both axes. The oscilloscope and controller of the XY stage were connected via GPIB to a Macintosh computer. Software for automatization of measurements was written using LabVIEW 191.
We acquired average waveforms of signals from three adjoining anodes at different positions of the light spot along 0-7803-5021-9/99/$10.00 0 1999 IEEE.
the "drift" axis (X) and the axis parallel to the anodes (U).
Measurcments were performed in eleven positions along drift length. At each drirt distance the light spot was moved along the Y axis with a step of 25pm and 40 -65 measurements were
taken. An cxample of waveforms taken closest to thc anode position is shown in Fig.1 .
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12 , ~~~~~~ Figure 1 Waveforms from three anodes at "zero" drift distancc and collcction of totnl generated charge on the central anode.
The transport field was 400 Vicm. The drift time versus drift distance is shown in Fig.2 . Thc average drift velocity is 5.2pmlns. However, the drift velocity in the focusing region near the anodes is lower. The estimated value using the first three data points is 4 . 7 6 + 0 .
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A systematic error from uncertainties in trajectony lengths is of the sanic order .
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TI. METHODS

A. Anode direction
Our goal is to determine the charge density of the electron cloud projected onto the X or Y axis (i.e. thc "profile") for a cloud drifted time t from the point o f generation to the readout anodes.
Let y hc the distance from the cloud center to the edge of the readout anode, the total charge of the cloud and n(y, t ) As will be shown, clouds expand hcyond three anodes at large drift times. So. it is important to have another method for estimating the cloud sizc. A method for estimating thc cloud size using measurements on a single anode is shown, below. Assumc that the cloud profile is gaussian-like. The charge collected at an individual anode is shere FREQ is the frequency function defincd in [ I l l .
Measuring the charge collected at the anode as a function o f coordinate of the light spot and applying standard fitting :echr!iquc the cloud width and total charge can he ohtained. Obviously this tncthod is lree 01 systematic errors related to calibration.
Drift direction
For analysis in lire drift direction we use the fact that the output signal from the anode is a convolution of an c!ectronics response function with the anade signa!. I n Laplace rspresentation, the electronics responsc function lor our preamplifiers and shapers is where rs and q are two electronics constants. As will he shown the shape of the electron cloud in the anode direction is Gaussian. So, by fitting signal waveforms with a convolution of the electronics response function and a Gaussian, we are able to extract the cloud width in the drift direction.
Analytical expression for this convolution was obtained and coded as a FORTRAN function. To determine the electronics free parameters rS, q , to, a, Q, where to and a are the position parameters T~ and q , waveforms were initially fitted using five 
EXPERIMENTAL RESULTS
A. Anode direction
The method of cumulative functions was used to extract the cloud shape for those drift times where the cloud is fully covered by three anodes. In Fig.3 The evolution of the cloud width with drift time is shown in Fig.6 . The dynamics of the electrons is described by the continuity equation [3] . The solution of the continuity equation, which takes into account drift, diffusion and Coulomb 
B. D@ direction
Results of the waveform fits for one anode at four drift distances are shown in Fig.7 . The quality of fits is good at all LED spot along the anode. For the first three drift distances we see a parabolic dependence of U on the coordinate along the anode with a minimum at the center of the anode. At very short drift distances, the electron cloud expands rapidly. Even a small variation in drift distance will cause visible variation in the cloud size. This could be a possible explanation of the effect. The width of the cloud for the first three distances was determined as the value of U in the minimum, for other distances the weighted average was used.
A correlation between the cloud width in the anode and drift directions is shown in Fig.8 . For our measurements in the drift direction there are the following features: 1) the duration of the LED pulse increases the size of the initial spot only in the drift direction; 2 ) the signal induced on the anode by a single electron is a function with a finite width; 3) the drift field is not uniform in the focusing region and 4) there are small local non-uniformities in the drift field outside the focusing region. Taking these features into account we can parameterize the relationship between the cloud width 
